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Objective. To assess the eﬀectiveness of interventions that focus on reducing sedentary behavior (SB) among school-age youth
and to identify elements associated with interventions’ potential for translation into practice settings. Methods. A comprehensive
literature search was conducted using 4 databases for peer-reviewed studies published between 1980 and April 2011. Randomized
trials, which lasted at least 12 weeks, aimed at decreasing SB among children aged 6 to 19 years were identiﬁed. Results.T w e l v e
studies were included; 3 focused only on SB, 1 focused on physical activity (PA), 6 were combined SB and PA interventions, and
2 studies targeted SB, PA, and diet. The majority of the studies were conducted in a school setting, while others were conducted
in such settings as clinics, community centers, and libraries. Conclusions. Overall, interventions that focused on decreasing SB
were associated with reduction in time spent on SB and/or improvements in anthropometric measurements related to childhood
obesity. Several of the studies did consider elements related to the intervention’s potential for translation into practice settings.
1.Introduction
Childhood obesity has long been recognized as a worldwide
growing health concern [1–3]. In the past 2 decades, rates
of obesity in the US rose among children aged 6 to 11
years from 11.3% to 19.6%, as well as from 10.5% to 18.1%
among adolescents aged 12 to 19 years [4, 5]. Similarly, Great
Britain has experienced a threefold increase of overweight
in children between 1984 and 2002 [6], and prevalence of
obesity among younger children in China has increased from
1.5% to 12.6% between 1989 and 1997 [7]. Early conse-
quences of childhood obesity include asthma, hypertension,
and early-onset diabetes mellitus [3]. In addition, childhood
obesity has been shown to follow into adulthood [8–11]a n d
may lead to cardiovascular disease, cancer, and an increased
chance of mortality after the age of 30 years [12, 13].
A majority of previous studies addressing this epidemic
have revolved around modifying dietary intake [14, 15]a n d
physical activity (PA) [16–18]. However, sedentary behavior
(SB) appears to be a lifestyle behavior that is increasingly
contributing to the prevalence of childhood obesity [19]a s
research has shown that obese children are more sedentary
than their nonobese counterparts [20]. Sedentary behavior
largely consists of media use; however, other behaviors that
do not expend signiﬁcant energy, such as attending classes
or playing a musical instrument, have been explored as SB
[21–23]. It is estimated that children spend approximately
one-third of their waking hours using media, which includes
watching TV/videos, playing video games, and personal
computing [24]. These SB may in turn displace PA, decrease
metabolic rate, and/or serve as a conditioned stimulus for
eating [25].
Lifestyle interventions aimed at reducing SB have poten-
tial to make an impact; however, limited knowledge exists
as to the eﬀectiveness of such interventions. In addition,
aspects related to an intervention’s potential for trans-
lation to practice are important to consider for such a
signiﬁcant public health issue as childhood obesity. The
main objective of this paper is to assess the eﬀective-
ness of interventions that focus on reducing SB among2 Journal of Obesity
school-age youth. A second objective is to identify the
elements of the identiﬁed interventions related to potential
translation to practice settings, such as cost or health
disparity implications and sustainability of intervention
impact.
2. Methods
2.1. Literature Search. Four databases (Medline, PubMed,
PsychInfo, Cochrane Library) were searched for the relevant
studies published between 1980 and April 2011. For this
paper, such keywords as “sedentary behavior,” “sedentary
lifestyle,” “physical inactivity,” “television,” “video games,”
“children,”“adolescents,”and“intervention”wereusedalone
and/or in combination. Relevant references were extracted
and examined, compiling the list in the form of titles and
abstracts of the selected studies.
2.2. Inclusion Criteria. Identiﬁed studies included those that
used an intervention aimed at decreasing SB, separately
or in combination with body mass index (BMI) or other
anthropometric changes, such as waist circumference or
triceps skinfold thickness, among children and adolescents,
6 to 19 years of age. We focused on studies that described
randomized trials, conducted in the community, school,
home, or clinic setting, which lasted at least 12 weeks, and
included such strategies as educational, health promotion,
behavioral therapy, counseling, or management strategies
at the individual and family levels. Studies whose primary
g o a lw a st om e a s u r ec h a n g e si nP Al e v e l sw e r ei n c l u d e di f
the change in SB was also measured and speciﬁed in the
results. Sedentary behavior was deﬁned as media-related
behavior (time spent watching TV/videotapes, playing video
games), breaks from activity, and activities that do not
signiﬁcantly inﬂuence the energy expenditure occurring at
rest.
2.3. Exclusion Criteria. Searches were conducted only in the
English language. Studies based within a controlled labora-
tory setting were not considered relevant or generalizable,
and therefore, not included in the analysis.
2.4. Selection Process. The results of the preliminary search
were reviewed; relevant titles with abstracts were then
retrieved. Bibliographies of some systematic review papers
were reviewed to identify additional studies. Full articles
of relevant abstracts were retrieved for further review. Two
authors independently assessed retrieved studies for inclu-
sion based upon the criteria listed above. Any inconsistencies
wereresolvedbydiscussionswiththeotherauthor.Summary
tables were composed of the selected studies. The tables
included study design, setting in which it was conducted,
theory, characteristics of the participants, duration of the
intervention and followup, brief description of intervention,
deﬁnition of control group, measures of SB and additional
outcomes, key ﬁndings, demographic disparities informa-
tion, and limitations.
3. Results
A total of 2.939 abstracts were identiﬁed through the initial
searchprocess.Upon review,31 fullpaperswereretrieved for
further review by two investigators. Of those 31 papers, 12
studies met the inclusion criteria. Figure 1 outlines the ﬂow
of the search process and the number of articles that were
identiﬁed at each stage of the process.
Three studies [22, 23, 26] focused only on SB, 1 study
was a PA intervention [27], 6 studies [20, 21, 28–31]w e r e
combined SB and PA interventions, and 2 studies [32, 33]
targetedSB,PA,anddiet.Ofthe12studies,8wereconducted
in the US, 3 in Europe (including the UK, France, and the
Netherlands), and 1 in Australia. The majority (7 out of 12)
ofthestudieswereconductedinaschoolsetting,while2were
conducted in a clinic, 1 in community centers, 1 conducted
in both community centers and schools, and 1 other was
carried out in convenient locations, which included clinics,
libraries, and schools.
Table 1 summarizes the study design and characteris-
tics, while Table 2 summarizes the outcome measurements
focused on SB and anthropometrics and also key ﬁndings of
each study. The deﬁnition of SB varied across the studies.
Listed here are all the forms of SB that were measured:
time spent watching TV and videotapes, playing video
games, doing homework, reading, listening to music, using
a computer, playing a musical instrument, doing artwork
or crafts, talking with parents, playing quiet games indoors,
and attending classes or club meetings. Due to the diversity
in study design, study duration, setting, population, and
measurement outcomes of the interventions, a quantitative
synthesis of the evidence was not possible. Therefore, a
qualitative assessment of the current evidence stratiﬁed by
targeted behaviors is presented.
3.1. Sedentary Behavior Studies. Three studies [22, 23, 26]
focused on reducing SB in school-aged children. Escobar-
Chaves et al. [26] aimed to reduce TV and other media
consumption in families with children of ages 6 to 9
years in Houston, Tex, US. One hundred one families
were randomized to either the 6-month intervention, which
included a 2-hour workshop and 6 bimonthly newsletters,
or a control group. The parents and children also worked
together to develop a plan in which alternative activities
could be done by the child and family in place of SB. At 6-
month followup, there was a trend toward reducing media
consumption in the intervention group; however, these
results were not statistically signiﬁcant. The intervention did
ﬁnd a positive impact on proxy behaviors hypothesized to
lead to media use reductions, which are also recommended
by the American Academy of Pediatrics, such as not having a
TV in the child’s bedroom.
Robinson [22] randomly assigned 3rd and 4th graders
in 1 of 2 public elementary schools in San Jose, Calif, US
to receive an 18-lesson, 6-month classroom curriculum to
reduce TV, videotape, and video game use. The curriculum,
whichwastaughtbytheregularclassroomteachers,included
self-monitoring and self-reporting of media use, followed by
aT Vt u r n o ﬀ, in which children were challenged not to useJournal of Obesity 3
Potentially relevant publications
identiﬁed and screened for retrieval:
References excluded on basis title and
abstract:
Papers retrieved for more detailed
evaluations:
Total = 31
Papers not meeting the inclusion criteria
were excluded:
Papers included in the review:
Total = 12
Medline: 343
PsychInfo: 436
Other review articles: 7
Cochrane library: 1,039
PubMed: 1,114
Total = 2,939
Total = 2,908
Total = 19
Figure 1 :F l o wc h a r to ft h es e a r c hp r o c e s s .
media for 10 days. After the turnoﬀ challenge, the children
were encouraged to follow a 7-hour/week budget of media
use. Each household also received an electronic TV time
manager, which monitored and bugeted TV/video use for
each household member. Newsletters designed to motivate
parents to help their children maintain their TV watching
limits were also distributed. At the end of the intervention,
children in the intervention group had decreases in multiple
anthropometric measures, which included BMI, triceps
skinfold thickness, waist circumference, and waist to hip
ratio (P<0.002), compared to the control group. In
addition, reported TV use was lower in the intervention
group (8.80 versus 14.46 hours/week; P<0.001); however,
no signiﬁcant changes were reported in video tape and video
game use.
Another study conducted by Robinson and borzekowski
[23] consisted of a randomized controlled trial among
3rd and 4th graders in San Jose, Calif, US in 2 public
elementary schools (n = 181). The intervention was an
18-lesson classroom curriculum focused on reducing screen
media exposure. Components of the intervention included
children becoming aware of the role TV, videotapes, and
video games play in their lives, a TV turnoﬀ in which
children attempted to watch no TV/videotapes or play video
games for 10 days, children learning how to budget their
media use, and participants helping their peers at another
school to reduce their media use. Newsletters were also
distributed to the parents. Children in the intervention
school signiﬁcantly decreased their weekday TV viewing
(1.14 versus 1.96 hours/day; P<0.001) and weekday (0.19
versus 0.52 hours/day; P<0.05) and Saturday video game
playing (0.31 versus 0.9 hours/day; P<0.05) compared to
controls. Greater eﬀects were found among boys (P = 0.05)
and more adult-supervised children (P = 0.03).
3.2. Physical Activity Study. One study that focused solely
on PA in school-aged children was identiﬁed. Slootmaker et
al. [27] randomized 87 13-to-17 year olds in Amsterdam,
The Netherlands to receive either a single brochure with PA
recommendations or an accelerometer and access to web-
based tailored PA advice for 3 months. When a user logged
into the website and uploaded his/her PA score, the website
provided individualized PA feedback based on the current
PA score and personally adapted suggestions to promote
daily PA. At 5-month followup, time spent doing SB was
signiﬁcantly reduced in boys (−1,801 minutes/week; P =
0.04). No SB changes were observed in girls.
3.3. Sedentary Behavior and Physical Activity Studies. Six
studies [20, 21, 28–31] that targeted both SB and PA were
identiﬁed. Epstein et al. [21] randomized obese children of
ages8to 12years from61 families to1 of3 treatmentgroups:
(1) increasing exercise (Exercise), (2) decreasing SB (Seden-
tary), or (3) both increasing exercise and decreasing SB
(Combined). All groups received similar information (dis-
tributedthroughmanuals)aboutthebeneﬁtsofincreasedPA
and the negative eﬀects of SB; however, the groups diﬀered
in the types of activities that were reinforced. The Sedentary
group was reinforced for decreasing the amount of time
they engaged in certain SB; these SBs included media use,
imaginative play, talking on the phone, and playing board
games. Participants in the Exercise group were reinforced
for increasing PA, while those in the Combined group4 Journal of Obesity
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p
r
o
g
r
a
m
a
n
d
s
c
h
o
o
l
f
o
o
d
s
e
r
v
i
c
e
c
o
m
p
o
n
e
n
t
w
i
t
h
e
m
p
h
a
s
i
s
o
n
c
a
l
c
i
u
m
-
r
i
c
h
f
o
o
d
s
U
s
u
a
l
h
e
a
l
t
h
p
r
o
g
r
a
m
R
o
b
i
n
s
o
n
e
t
a
l
.
[
2
9
]
R
C
T
S
o
c
i
a
l
c
o
g
n
i
t
i
v
e
m
o
d
e
l
L
o
w
-
i
n
c
o
m
e
n
e
i
g
h
b
o
r
h
o
o
d
c
o
m
m
u
n
i
t
y
c
e
n
t
e
r
s
;
U
S
I
:
1
2
w
e
e
k
s
F
/
U
:
n
o
d
e
t
a
i
l
r
e
p
o
r
t
e
d
N
(
C
)
=
3
3
N
(
I
)
=
2
8
M
e
a
n
a
g
e
(
y
)
:
C
:
9
.
5
±
0
.
9
I
:
9
.
5
±
0
.
8
S
e
x
:
1
0
0
%
f
e
m
a
l
e
R
a
c
e
:
1
0
0
%
A
A
6
0
a
f
t
e
r
-
s
c
h
o
o
l
d
a
n
c
e
c
l
a
s
s
e
s
p
l
u
s
5
h
o
m
e
l
e
s
s
o
n
s
t
o
r
e
d
u
c
e
T
V
t
i
m
e
N
e
w
s
l
e
t
t
e
r
s
a
n
d
h
e
a
l
t
h
e
d
u
c
a
t
i
o
n
l
e
c
t
u
r
e
s
S
a
l
m
o
n
e
t
a
l
.
[
3
0
]
R
C
T
S
o
c
i
a
l
c
o
g
n
i
t
i
v
e
t
h
e
o
r
y
;
B
e
h
a
v
i
o
r
a
l
c
h
o
i
c
e
t
h
e
o
r
y
G
o
v
e
r
n
m
e
n
t
s
c
h
o
o
l
s
i
n
l
o
w
s
o
c
i
o
e
c
o
n
o
m
i
c
a
r
e
a
s
;
A
u
s
t
r
a
l
i
a
I
:
1
a
c
a
d
e
m
i
c
y
e
a
r
F
/
U
:
1
2
m
o
n
t
h
s
N
=
3
0
6
M
e
a
n
a
g
e
(
m
)
:
1
0
.
8
±
5
S
e
x
:
5
1
%
f
e
m
a
l
e
R
a
c
e
:
n
o
t
r
e
p
o
r
t
e
d
1
9
i
n
-
c
l
a
s
s
l
e
s
s
o
n
s
p
r
o
m
o
t
i
n
g
P
A
a
n
d
d
e
c
r
e
a
s
i
n
g
S
B
;
3
i
n
t
e
r
v
e
n
t
i
o
n
g
r
o
u
p
s
r
e
c
e
i
v
e
d
e
i
t
h
e
r
b
e
h
a
v
i
o
r
m
o
d
i
ﬁ
c
a
t
i
o
n
o
f
P
A
a
n
d
S
B
,
m
o
v
e
m
e
n
t
s
k
i
l
l
g
a
m
e
s
o
r
c
o
m
b
i
n
a
t
i
o
n
o
f
b
o
t
h
U
s
u
a
l
c
u
r
r
i
c
u
l
u
m
S
i
m
o
n
e
t
a
l
.
[
3
1
]
R
C
T
N
o
d
e
t
a
i
l
r
e
p
o
r
t
e
d
P
u
b
l
i
c
m
i
d
d
l
e
s
c
h
o
o
l
s
;
F
r
a
n
c
e
I
:
4
s
c
h
o
o
l
y
e
a
r
s
F
/
U
:
n
o
d
e
t
a
i
l
r
e
p
o
r
t
e
d
N
(
C
)
=
4
7
9
N
(
I
)
=
4
7
5
M
e
a
n
a
g
e
(
y
)
:
C
:
1
1
.
7
±
0
.
7
I
:
1
1
.
6
±
0
.
6
S
e
x
:
C
:
5
2
%
m
a
l
e
I
:
5
4
%
f
e
m
a
l
e
M
u
l
t
i
l
e
v
e
l
p
r
o
g
r
a
m
f
o
c
u
s
e
d
o
n
c
h
a
n
g
i
n
g
k
n
o
w
l
e
d
g
e
/
a
t
t
i
t
u
d
e
s
t
o
w
a
r
d
s
P
A
a
n
d
S
B
;
p
r
o
v
i
d
i
n
g
e
n
v
i
r
o
n
m
e
n
t
a
l
o
p
p
o
r
t
u
n
i
t
i
e
s
f
o
r
P
A
U
s
u
a
l
h
e
a
l
t
h
a
n
d
P
E
c
u
r
r
i
c
u
l
u
m6 Journal of Obesity
T
a
b
l
e
1
:
C
o
n
t
i
n
u
e
d
.
R
e
f
e
r
e
n
c
e
D
e
s
i
g
n
T
h
e
o
r
y
S
e
t
t
i
n
g
S
t
u
d
y
d
u
r
a
t
i
o
n
P
a
r
t
i
c
i
p
a
n
t
s
I
n
t
e
r
v
e
n
t
i
o
n
C
o
n
t
r
o
l
S
e
d
e
n
t
a
r
y
b
e
h
a
v
i
o
r
,
p
h
y
s
i
c
a
l
a
c
t
i
v
i
t
y
a
n
d
d
i
e
t
s
t
u
d
i
e
s
G
o
r
t
m
a
k
e
r
e
t
a
l
.
[
3
2
]
R
C
T
B
e
h
a
v
i
o
r
a
l
c
h
o
i
c
e
t
h
e
o
r
y
;
S
o
c
i
a
l
c
o
g
n
i
t
i
v
e
t
h
e
o
r
y
1
0
p
u
b
l
i
c
s
c
h
o
o
l
s
;
U
S
I
:
2
a
c
a
d
e
m
i
c
y
e
a
r
s
F
/
U
:
N
o
d
e
t
a
i
l
r
e
p
o
r
t
e
d
N
(
5
C
s
c
h
o
o
l
s
)
=
6
5
4
N
(
6
I
s
c
h
o
o
l
s
)
=
6
4
1
M
e
a
n
a
g
e
(
y
)
:
1
1
.
7
±
0
.
7
S
e
x
:
4
8
%
f
e
m
a
l
e
R
a
c
e
:
C
:
6
9
%
w
h
i
t
e
I
:
6
3
%
w
h
i
t
e
P
l
a
n
e
t
H
e
a
l
t
h
c
u
r
r
i
c
u
l
u
m
:
3
2
l
e
s
s
o
n
s
o
n
r
e
d
u
c
i
n
g
T
V
t
i
m
e
,
i
n
c
r
e
a
s
i
n
g
P
A
,
d
e
c
r
e
a
s
i
n
g
h
i
g
h
-
f
a
t
f
o
o
d
i
n
t
a
k
e
,
a
n
d
i
n
c
r
e
a
s
i
n
g
F
/
V
i
n
t
a
k
e
R
e
g
u
l
a
r
s
c
h
o
o
l
c
u
r
r
i
c
u
l
u
m
S
a
c
h
e
r
e
t
a
l
.
[
3
3
]
R
C
T
S
o
c
i
a
l
c
o
g
n
i
t
i
v
e
t
h
e
o
r
y
C
o
m
m
u
n
i
t
y
c
e
n
t
e
r
s
a
n
d
s
c
h
o
o
l
s
,
U
K
I
:
6
m
o
n
t
h
s
F
/
U
:
6
m
o
n
t
h
s
N
(
C
)
=
5
6
N
(
I
)
=
6
0
M
e
a
n
a
g
e
(
y
)
:
C
:
1
0
.
2
±
1
.
3
I
:
1
0
.
3
±
1
.
3
S
e
x
:
C
:
4
5
%
f
e
m
a
l
e
s
I
:
6
3
%
f
e
m
a
l
e
s
R
a
c
e
:
C
:
5
0
%
w
h
i
t
e
I
:
5
0
%
w
h
i
t
e
1
8
2
-
h
o
u
r
g
r
o
u
p
e
d
u
c
a
t
i
o
n
a
l
a
n
d
P
A
s
e
s
s
i
o
n
s
,
f
o
l
l
o
w
e
d
b
y
1
2
-
w
e
e
k
f
a
m
i
l
y
s
w
i
m
m
i
n
g
p
a
s
s
6
-
m
o
n
t
h
d
e
l
a
y
e
d
i
n
t
e
r
v
e
n
t
i
o
n
R
C
T
,
r
a
n
d
o
m
i
z
e
d
c
o
n
t
r
o
l
l
e
d
t
r
i
a
l
;
U
S
,
U
n
i
t
e
d
S
t
a
t
e
s
;
I
,
i
n
t
e
r
v
e
n
t
i
o
n
;
F
/
U
,
d
u
r
a
t
i
o
n
o
f
f
o
l
l
o
w
u
p
a
f
t
e
r
i
n
t
e
r
v
e
n
t
i
o
n
c
o
m
p
l
e
t
e
d
;
C
,
c
o
n
t
r
o
l
;
y
,
y
e
a
r
;
T
V
,
t
e
l
e
v
i
s
i
o
n
;
h
r
s
,
h
o
u
r
s
;
P
A
,
p
h
y
s
i
c
a
l
a
c
t
i
v
i
t
y
;
S
B
,
s
e
d
e
n
t
a
r
y
b
e
h
a
v
i
o
r
;
P
E
,
p
h
y
s
i
c
a
l
e
d
u
c
a
t
i
o
n
;
A
A
,
A
f
r
i
c
a
n
A
m
e
r
i
c
a
n
;
F
/
V
,
f
r
u
i
t
s
a
n
d
v
e
g
e
t
a
b
l
e
s
.
N
o
t
e
:
N
r
e
p
r
e
s
e
n
t
e
d
a
t
b
a
s
e
l
i
n
e
.Journal of Obesity 7
T
a
b
l
e
2
:
E
v
a
l
u
a
t
i
o
n
o
f
i
n
t
e
r
v
e
n
t
i
o
n
s
t
o
r
e
d
u
c
e
s
e
d
e
n
t
a
r
y
b
e
h
a
v
i
o
r
i
n
y
o
u
t
h
.
R
e
f
e
r
e
n
c
e
O
u
t
c
o
m
e
K
e
y
ﬁ
n
d
i
n
g
s
D
e
m
o
g
r
a
p
h
i
c
d
i
s
p
a
r
i
t
i
e
s
L
i
m
i
t
a
t
i
o
n
s
S
e
d
e
n
t
a
r
y
b
e
h
a
v
i
o
r
A
n
t
h
r
o
p
o
m
e
t
r
i
c
O
t
h
e
r
S
e
d
e
n
t
a
r
y
b
e
h
a
v
i
o
r
s
t
u
d
i
e
s
E
s
c
o
b
a
r
-
C
h
a
v
e
s
e
t
a
l
.
[
2
6
]
S
e
l
f
-
r
e
p
o
r
t
e
d
h
o
u
s
e
h
o
l
d
m
e
d
i
a
e
n
v
i
r
o
n
m
e
n
t
a
n
d
m
e
d
i
a
u
s
e
b
y
c
h
i
l
d
r
e
n
N
o
d
e
t
a
i
l
r
e
p
o
r
t
e
d
N
o
d
e
t
a
i
l
r
e
p
o
r
t
e
d
A
t
6
-
m
o
n
t
h
F
/
U
,
i
n
t
e
r
v
e
n
t
i
o
n
g
r
o
u
p
w
a
s
l
e
s
s
l
i
k
e
l
y
t
o
r
e
p
o
r
t
T
V
b
e
i
n
g
O
N
w
h
e
n
n
o
b
o
d
y
w
a
s
w
a
t
c
h
i
n
g
(
A
O
R
=
0
.
2
3
,
P
<
0
.
0
5
)
.
A
t
r
e
n
d
t
o
w
a
r
d
s
r
e
d
u
c
i
n
g
m
e
d
i
a
c
o
n
s
u
m
p
t
i
o
n
w
a
s
a
l
s
o
o
b
s
e
r
v
e
d
i
n
t
h
e
i
n
t
e
r
v
e
n
t
i
o
n
g
r
o
u
p
.
N
o
d
e
t
a
i
l
r
e
p
o
r
t
e
d
S
e
l
f
-
r
e
p
o
r
t
e
d
b
e
h
a
v
i
o
r
s
;
s
m
a
l
l
s
a
m
p
l
e
s
i
z
e
R
o
b
i
n
s
o
n
[
2
2
]
S
e
l
f
-
r
e
p
o
r
t
e
d
m
e
d
i
a
u
s
e
(
T
V
,
v
i
d
e
o
t
a
p
e
,
a
n
d
v
i
d
e
o
g
a
m
e
)
a
n
d
o
t
h
e
r
S
B
(
e
.
g
.
,
u
s
i
n
g
c
o
m
p
u
t
e
r
,
d
o
i
n
g
h
o
m
e
w
o
r
k
,
a
n
d
r
e
a
d
i
n
g
)
B
M
I
;
w
a
i
s
t
/
h
i
p
c
i
r
c
u
m
f
e
r
e
n
c
e
;
t
r
i
c
e
p
s
s
k
i
n
f
o
l
d
t
h
i
c
k
n
e
s
s
S
e
l
f
-
r
e
p
o
r
t
e
d
P
A
,
c
a
r
d
i
o
r
e
s
p
i
r
a
t
o
r
y
ﬁ
t
n
e
s
s
,
a
n
d
d
i
e
t
a
r
y
b
e
h
a
v
i
o
r
s
C
o
m
p
a
r
e
d
t
o
c
o
n
t
r
o
l
s
,
i
n
t
e
r
v
e
n
t
i
o
n
g
r
o
u
p
h
a
d
s
i
g
n
i
ﬁ
c
a
n
t
d
e
c
r
e
a
s
e
s
i
n
a
n
t
h
r
o
p
o
m
e
t
r
i
c
m
e
a
s
u
r
e
s
,
s
u
c
h
a
s
B
M
I
(
A
D
J
D
I
F
F
=
−
0
.
4
5
k
g
/
m
2
;
P
=
0
.
0
0
2
)
a
n
d
t
r
i
c
e
p
s
s
k
i
n
f
o
l
d
t
h
i
c
k
n
e
s
s
(
A
D
J
D
I
F
F
=
−
1
.
4
7
m
m
;
P
=
0
.
0
0
2
)
.
I
n
t
e
r
v
e
n
t
i
o
n
g
r
o
u
p
r
e
p
o
r
t
e
d
r
e
d
u
c
e
d
T
V
(
P
<
0
.
0
0
1
)
a
n
d
v
i
d
e
o
g
a
m
e
(
P
=
0
.
0
1
)
u
s
e
c
o
m
p
a
r
e
d
t
o
c
o
n
t
r
o
l
s
.
N
o
d
e
t
a
i
l
r
e
p
o
r
t
e
d
S
m
a
l
l
s
a
m
p
l
e
s
i
z
e
;
s
n
a
c
k
i
n
g
w
h
i
l
e
w
a
t
c
h
i
n
g
T
V
a
s
s
e
s
s
e
d
a
s
a
p
r
o
p
o
r
t
i
o
n
R
o
b
i
n
s
o
n
a
n
d
B
o
r
z
e
k
o
w
s
k
i
[
2
3
]
S
e
l
f
-
r
e
p
o
r
t
e
d
h
o
u
s
e
h
o
l
d
m
e
d
i
a
e
n
v
i
r
o
n
m
e
n
t
,
m
e
d
i
a
u
s
e
,
a
n
d
o
t
h
e
r
a
c
t
i
v
i
t
i
e
s
(
e
.
g
.
,
u
s
i
n
g
T
V
,
v
i
d
e
o
,
c
o
m
p
u
t
e
r
,
d
o
i
n
g
h
o
m
e
w
o
r
k
,
a
n
d
t
a
l
k
i
n
g
w
i
t
h
p
a
r
e
n
t
s
)
N
o
d
e
t
a
i
l
r
e
p
o
r
t
e
d
N
o
d
e
t
a
i
l
r
e
p
o
r
t
e
d
C
o
m
p
a
r
e
d
t
o
c
o
n
t
r
o
l
s
,
i
n
t
e
r
v
e
n
t
i
o
n
g
r
o
u
p
s
i
g
n
i
ﬁ
c
a
n
t
l
y
r
e
d
u
c
e
d
w
e
e
k
d
a
y
T
V
v
i
e
w
i
n
g
(
9
5
%
C
I
−
1
.
2
2
t
o
−
0
.
3
5
;
P
<
.
0
0
1
)
a
n
d
w
e
e
k
d
a
y
(
9
5
%
C
I
−
0
.
4
8
t
o
−
0
.
0
1
;
P
<
.
0
5
)
a
n
d
S
a
t
u
r
d
a
y
(
9
5
%
C
I
−
1
.
0
4
t
o
−
0
.
0
1
;
P
<
.
0
5
)
v
i
d
e
o
g
a
m
e
p
l
a
y
i
n
g
.
G
r
e
a
t
e
r
e
ﬀ
e
c
t
s
w
e
r
e
o
b
s
e
r
v
e
d
a
m
o
n
g
b
o
y
s
c
o
m
p
a
r
e
d
t
o
g
i
r
l
s
S
e
l
f
-
r
e
p
o
r
t
e
d
b
e
h
a
v
i
o
r
s
;
a
n
d
i
n
t
e
r
v
e
n
t
i
o
n
c
o
n
d
u
c
t
e
d
i
n
t
w
o
s
c
h
o
o
l
s
P
h
y
s
i
c
a
l
a
c
t
i
v
i
t
y
s
t
u
d
i
e
s
S
l
o
o
t
m
a
k
e
r
e
t
a
l
.
[
2
7
]
S
e
l
f
-
r
e
p
o
r
t
e
d
t
i
m
e
s
p
e
n
t
s
e
d
e
n
t
a
r
y
(
T
V
,
c
o
m
p
u
t
e
r
)
B
M
I
;
w
a
i
s
t
/
h
i
p
c
i
r
c
u
m
f
e
r
e
n
c
e
;
s
k
i
n
f
o
l
d
t
h
i
c
k
n
e
s
s
(
b
i
c
e
p
s
,
t
r
i
c
e
p
s
,
s
u
b
s
c
a
p
u
l
a
r
,
a
n
d
s
u
p
r
a
i
l
i
a
c
)
S
e
l
f
-
r
e
p
o
r
t
e
d
P
A
;
d
e
t
e
r
m
i
n
a
n
t
s
o
f
P
A
;
a
e
r
o
b
i
c
ﬁ
t
n
e
s
s
B
o
y
s
i
n
t
h
e
i
n
t
e
r
v
e
n
t
i
o
n
g
r
o
u
p
s
h
o
w
e
d
s
i
g
n
i
ﬁ
c
a
n
t
r
e
d
u
c
t
i
o
n
i
n
s
e
d
e
n
t
a
r
y
t
i
m
e
(
−
1
8
0
1
m
i
n
/
w
e
e
k
,
−
3
5
4
5
t
o
−
5
7
,
9
5
%
C
I
;
P
=
0
.
0
4
)
,
a
f
t
e
r
5
-
m
o
n
t
h
F
/
U
.
S
B
c
h
a
n
g
e
w
a
s
m
a
i
n
t
a
i
n
e
d
i
n
b
o
y
s
a
t
5
-
m
o
n
t
h
F
/
U
S
e
l
f
-
r
e
p
o
r
t
e
d
b
e
h
a
v
i
o
r
s
;
i
n
s
u
ﬃ
c
i
e
n
t
p
o
w
e
r
d
u
e
t
o
h
i
g
h
d
r
o
p
o
u
t
r
a
t
e
a
n
d
s
e
p
a
r
a
t
i
o
n
o
f
a
n
a
l
y
s
e
s8 Journal of Obesity
T
a
b
l
e
2
:
C
o
n
t
i
n
u
e
d
.
R
e
f
e
r
e
n
c
e
O
u
t
c
o
m
e
K
e
y
ﬁ
n
d
i
n
g
s
D
e
m
o
g
r
a
p
h
i
c
d
i
s
p
a
r
i
t
i
e
s
L
i
m
i
t
a
t
i
o
n
s
S
e
d
e
n
t
a
r
y
b
e
h
a
v
i
o
r
A
n
t
h
r
o
p
o
m
e
t
r
i
c
O
t
h
e
r
S
e
d
e
n
t
a
r
y
b
e
h
a
v
i
o
r
a
n
d
p
h
y
s
i
c
a
l
a
c
t
i
v
i
t
y
s
t
u
d
i
e
s
E
p
s
t
e
i
n
e
t
a
l
.
[
2
1
]
S
e
l
f
-
r
e
p
o
r
t
e
d
s
e
d
e
n
t
a
r
y
a
c
t
i
v
i
t
i
e
s
(
e
.
g
.
,
T
V
,
c
o
m
p
u
t
e
r
u
s
e
,
a
n
d
t
a
l
k
i
n
g
o
n
p
h
o
n
e
)
P
e
r
c
e
n
t
o
v
e
r
w
e
i
g
h
t
;
P
B
F
;
w
a
i
s
t
/
h
i
p
c
i
r
c
u
m
f
e
r
e
n
c
e
s
P
h
y
s
i
c
a
l
w
o
r
k
c
a
p
a
c
i
t
y
;
a
c
t
i
v
i
t
y
p
r
e
f
e
r
e
n
c
e
;
c
o
m
p
l
i
a
n
c
e
a
n
d
c
h
o
i
c
e
A
t
6
-
m
o
n
t
h
F
/
U
,
t
h
e
S
e
d
e
n
t
a
r
y
g
r
o
u
p
h
a
d
g
r
e
a
t
e
r
d
e
c
r
e
a
s
e
i
n
p
e
r
c
e
n
t
a
g
e
o
v
e
r
w
e
i
g
h
t
t
h
a
n
d
i
d
t
h
e
C
o
m
b
i
n
e
d
a
n
d
E
x
e
r
c
i
s
e
g
r
o
u
p
s
(
−
1
8
.
7
v
e
r
s
u
s
−
1
0
.
3
a
n
d
−
8
.
7
;
P
<
0
.
0
5
)
a
n
d
g
r
e
a
t
e
r
d
e
c
r
e
a
s
e
i
n
P
B
F
(
−
4
.
7
v
e
r
s
u
s
−
1
.
3
;
P
<
0
.
0
5
)
.
N
o
d
e
t
a
i
l
r
e
p
o
r
t
e
d
S
e
l
f
-
r
e
p
o
r
t
;
l
a
c
k
o
f
b
l
i
n
d
i
n
g
E
p
s
t
e
i
n
e
t
a
l
.
[
2
0
]
S
e
l
f
-
r
e
p
o
r
t
e
d
S
B
(
T
V
v
i
e
w
i
n
g
)
B
M
I
;
p
e
r
c
e
n
t
o
v
e
r
w
e
i
g
h
t
P
s
y
c
h
o
l
o
g
i
c
a
l
m
e
a
s
u
r
e
s
,
a
d
h
e
r
e
n
c
e
t
o
d
i
e
t
,
a
n
d
P
A
q
u
e
s
t
i
o
n
n
a
i
r
e
B
o
y
s
s
h
o
w
e
d
l
a
r
g
e
r
d
e
c
r
e
a
s
e
i
n
p
e
r
c
e
n
t
a
g
e
o
v
e
r
w
e
i
g
h
t
t
h
a
n
g
i
r
l
s
i
n
C
o
m
b
i
n
e
d
(
F
=
8
.
9
8
;
P
<
0
.
0
0
1
)
a
n
d
I
n
c
r
e
a
s
e
d
a
c
t
i
v
i
t
y
(
F
=
4
.
4
5
;
P
<
0
.
0
2
5
)
g
r
o
u
p
s
.
A
t
6
-
m
o
n
t
h
F
/
U
,
b
o
y
s
s
h
o
w
e
d
B
M
I
d
e
c
r
e
a
s
e
o
f
−
1
.
7
6
±
1
.
8
6
i
n
C
o
m
b
i
n
e
d
g
r
o
u
p
a
n
d
0
.
6
5
±
1
.
3
7
i
n
I
n
c
r
e
a
s
e
d
a
c
t
i
v
i
t
y
g
r
o
u
p
.
G
i
r
l
s
s
h
o
w
e
d
B
M
I
i
n
c
r
e
a
s
e
o
f
1
.
0
0
±
1
.
7
3
f
o
r
C
o
m
b
i
n
e
d
g
r
o
u
p
a
n
d
d
e
c
r
e
a
s
e
o
f
0
.
2
7
±
1
.
3
7
i
n
I
n
c
r
e
a
s
e
d
a
c
t
i
v
i
t
y
g
r
o
u
p
.
T
r
e
a
t
m
e
n
t
w
a
s
m
o
r
e
e
ﬀ
e
c
t
i
v
e
o
n
b
o
y
s
,
a
n
d
t
h
e
y
h
a
d
b
e
t
t
e
r
t
r
e
a
t
m
e
n
t
a
d
h
e
r
e
n
c
e
c
o
m
p
a
r
e
d
t
o
g
i
r
l
s
N
o
d
e
t
a
i
l
r
e
p
o
r
t
e
d
J
o
n
e
s
e
t
a
l
.
[
2
8
]
S
e
l
f
-
r
e
p
o
r
t
e
d
s
e
d
e
n
t
a
r
y
a
c
t
i
v
i
t
i
e
s
(
T
V
,
v
i
d
e
o
,
c
o
m
p
u
t
e
r
/
v
i
d
e
o
g
a
m
e
s
)
N
o
d
e
t
a
i
l
r
e
p
o
r
t
e
d
S
e
l
f
-
r
e
p
o
r
t
e
d
c
a
l
c
i
u
m
i
n
t
a
k
e
;
P
A
;
o
s
t
e
o
p
o
r
o
s
i
s
k
n
o
w
l
e
d
g
e
R
e
l
a
t
i
v
e
t
o
c
o
n
t
r
o
l
s
c
h
o
o
l
s
,
t
h
e
i
n
t
e
r
v
e
n
t
i
o
n
s
i
g
n
i
ﬁ
c
a
n
t
l
y
r
e
d
u
c
e
d
d
u
r
a
t
i
o
n
o
f
s
t
u
d
e
n
t
d
a
i
l
y
T
V
/
v
i
d
e
o
w
a
t
c
h
i
n
g
(
m
e
a
n
d
i
ﬀ
e
r
e
n
c
e
b
e
t
w
e
e
n
I
a
n
d
C
=
1
2
.
1
1
m
i
n
;
9
5
%
C
I
,
1
1
.
7
4
t
o
1
2
.
4
8
;
P
=
0
.
0
5
)
a
n
d
t
o
t
a
l
d
a
i
l
y
s
e
d
e
n
t
a
r
y
a
c
t
i
v
i
t
y
(
m
e
a
n
d
i
ﬀ
e
r
e
n
c
e
b
e
t
w
e
e
n
I
a
n
d
C
=
1
6
.
9
9
m
i
n
;
9
5
%
C
I
,
1
6
.
5
9
t
o
1
7
.
5
0
;
P
=
0
.
0
4
)
.
N
o
d
e
t
a
i
l
r
e
p
o
r
t
e
d
E
v
a
l
u
a
t
i
o
n
a
t
t
w
o
p
o
i
n
t
s
o
n
l
y
;
a
s
m
a
l
l
n
u
m
b
e
r
o
f
g
r
o
u
p
s
r
a
n
d
o
m
i
z
e
d
t
o
t
r
e
a
t
m
e
n
t
c
o
n
d
i
t
i
o
n
s
;
s
e
l
f
-
r
e
p
o
r
t
e
d
;
l
i
m
i
t
e
d
i
n
f
o
r
m
a
t
i
o
n
o
n
c
o
v
a
r
i
a
t
e
sJournal of Obesity 9
T
a
b
l
e
2
:
C
o
n
t
i
n
u
e
d
.
R
e
f
e
r
e
n
c
e
O
u
t
c
o
m
e
K
e
y
ﬁ
n
d
i
n
g
s
D
e
m
o
g
r
a
p
h
i
c
d
i
s
p
a
r
i
t
i
e
s
L
i
m
i
t
a
t
i
o
n
s
S
e
d
e
n
t
a
r
y
b
e
h
a
v
i
o
r
A
n
t
h
r
o
p
o
m
e
t
r
i
c
O
t
h
e
r
R
o
b
i
n
s
o
n
e
t
a
l
.
[
2
9
]
S
e
l
f
-
r
e
p
o
r
t
e
d
m
e
d
i
a
u
s
e
(
T
V
,
v
i
d
e
o
t
a
p
e
s
,
a
n
d
v
i
d
e
o
g
a
m
e
s
)
a
n
d
e
a
t
i
n
g
w
i
t
h
T
V
o
n
B
M
I
;
w
a
i
s
t
c
i
r
c
u
m
f
e
r
e
n
c
e
I
n
s
u
l
i
n
a
n
d
g
l
u
c
o
s
e
l
e
v
e
l
s
;
l
i
p
i
d
l
e
v
e
l
s
I
n
t
e
r
v
e
n
t
i
o
n
g
r
o
u
p
s
h
o
w
e
d
t
r
e
n
d
s
t
o
w
a
r
d
s
B
M
I
d
e
c
r
e
a
s
e
(
A
D
J
D
I
F
F
=
−
0
.
3
2
k
g
/
m
2
;
9
5
%
C
I
,
−
0
.
1
1
t
o
0
.
1
2
)
,
w
a
i
s
t
c
i
r
c
u
m
f
e
r
e
n
c
e
d
e
c
r
e
a
s
e
(
A
D
J
D
I
F
F
=
−
0
.
6
3
c
m
;
9
5
%
C
I
,
−
1
.
9
2
t
o
0
.
6
7
)
,
a
n
d
r
e
d
u
c
e
d
T
V
,
v
i
d
e
o
t
a
p
e
,
a
n
d
v
i
d
e
o
g
a
m
e
u
s
e
(
A
D
J
D
I
F
F
=
−
4
.
9
6
h
r
s
/
w
e
e
k
;
9
5
%
C
I
,
−
1
1
.
4
1
t
o
1
.
4
9
)
.
T
y
p
e
2
d
i
a
b
e
t
e
s
d
i
s
p
r
o
p
o
r
t
i
o
n
a
t
e
l
y
a
ﬀ
e
c
t
s
g
i
r
l
s
a
n
d
A
A
s
;
s
o
m
e
o
f
g
r
e
a
t
e
s
t
i
n
c
r
e
a
s
e
s
i
n
c
h
i
l
d
h
o
o
d
o
b
e
s
i
t
y
a
m
o
n
g
A
A
g
i
r
l
s
S
e
l
f
-
r
e
p
o
r
t
e
d
b
e
h
a
v
i
o
r
s
S
a
l
m
o
n
e
t
a
l
.
[
3
0
]
S
e
l
f
-
r
e
p
o
r
t
e
d
s
c
r
e
e
n
b
e
h
a
v
i
o
r
s
(
T
V
,
c
o
m
p
u
t
e
r
,
a
n
d
e
l
e
c
t
r
o
n
i
c
g
a
m
e
s
)
B
M
I
P
A
a
c
c
e
l
e
r
o
m
e
t
e
r
;
s
e
l
f
-
r
e
p
o
r
t
e
d
e
n
j
o
y
m
e
n
t
o
f
P
A
;
F
M
S
;
b
o
d
y
i
m
a
g
e
;
f
o
o
d
i
n
t
a
k
e
S
i
g
n
i
ﬁ
c
a
n
t
i
n
t
e
r
v
e
n
t
i
o
n
e
ﬀ
e
c
t
o
n
B
M
i
n
B
M
/
F
M
S
g
r
o
u
p
c
o
m
p
a
r
e
d
t
o
c
o
n
t
r
o
l
s
,
m
a
i
n
t
a
i
n
e
d
a
t
6
-
a
n
d
1
2
-
m
o
n
t
h
f
o
l
l
o
w
u
p
(
A
O
R
=
0
.
3
8
;
P
<
0
.
0
5
)
.
B
M
g
r
o
u
p
r
e
p
o
r
t
e
d
h
i
g
h
e
s
t
l
e
v
e
l
s
o
f
T
V
v
i
e
w
i
n
g
c
o
m
p
a
r
e
d
t
o
o
t
h
e
r
g
r
o
u
p
s
(
P
<
0
.
0
5
)
.
N
o
ﬁ
n
d
i
n
g
s
r
e
l
a
t
e
d
t
o
a
n
t
h
r
o
p
o
m
e
t
r
i
c
m
e
a
s
u
r
e
s
o
r
S
B
S
e
l
f
-
r
e
p
o
r
t
;
T
h
e
p
u
b
e
r
t
a
l
s
t
a
g
i
n
g
n
o
t
a
s
s
e
s
s
e
d
;
s
a
m
p
l
e
s
i
z
e
u
n
d
e
r
p
o
w
e
r
e
d
;
r
a
n
d
o
m
i
z
a
t
i
o
n
b
y
c
l
a
s
s
S
i
m
o
n
e
t
a
l
.
[
3
1
]
S
e
l
f
-
r
e
p
o
r
t
e
d
S
B
(
e
.
g
.
,
T
V
,
c
o
m
p
u
t
e
r
)
B
M
I
;
P
B
F
S
e
l
f
-
r
e
p
o
r
t
e
d
P
A
;
P
A
s
e
l
f
-
e
ﬃ
c
a
c
y
,
s
o
c
i
a
l
s
u
p
p
o
r
t
,
a
n
d
i
n
t
e
n
t
i
o
n
I
n
t
h
e
i
n
t
e
r
v
e
n
t
i
o
n
g
r
o
u
p
,
h
i
g
h
S
B
(
>
3
h
r
s
/
d
a
y
)
w
a
s
r
e
d
u
c
e
d
i
n
g
i
r
l
s
(
O
R
=
0
.
5
4
;
9
5
%
C
I
,
0
.
3
8
t
o
0
.
7
7
)
a
n
d
b
o
y
s
(
O
R
=
0
.
5
2
;
9
5
%
C
I
0
.
3
5
t
o
0
.
7
6
)
.
N
o
d
e
t
a
i
l
r
e
p
o
r
t
e
d
S
e
l
f
-
r
e
p
o
r
t
e
d
b
e
h
a
v
i
o
r
;
l
a
c
k
o
f
t
i
m
e
t
o
a
s
s
e
s
s
i
n
t
e
r
v
e
n
t
i
o
n
e
ﬀ
e
c
t
o
n
h
e
a
l
t
h
o
u
t
c
o
m
e
s
S
e
d
e
n
t
a
r
y
b
e
h
a
v
i
o
r
,
p
h
y
s
i
c
a
l
a
c
t
i
v
i
t
y
a
n
d
d
i
e
t
s
t
u
d
i
e
s
G
o
r
t
m
a
k
e
r
e
t
a
l
.
[
3
2
]
S
e
l
f
-
r
e
p
o
r
t
e
d
m
e
d
i
a
u
s
e
(
T
V
a
n
d
v
i
d
e
o
v
i
e
w
i
n
g
)
B
M
I
;
t
r
i
c
e
p
s
s
k
i
n
f
o
l
d
t
h
i
c
k
n
e
s
s
S
e
l
f
-
r
e
p
o
r
t
e
d
P
A
a
n
d
d
i
e
t
a
r
y
i
n
t
a
k
e
I
n
t
e
r
v
e
n
t
i
o
n
r
e
d
u
c
e
d
T
V
h
r
s
a
m
o
n
g
g
i
r
l
s
a
n
d
b
o
y
s
(
P
<
0
.
0
0
1
)
.
I
n
i
n
t
e
r
v
e
n
t
i
o
n
g
r
o
u
p
,
o
b
e
s
i
t
y
p
r
e
v
a
l
e
n
c
e
w
a
s
s
i
g
n
i
ﬁ
c
a
n
t
l
y
r
e
d
u
c
e
d
i
n
g
i
r
l
s
c
o
m
p
a
r
e
d
t
o
c
o
n
t
r
o
l
s
(
2
3
.
6
%
t
o
2
0
.
3
%
)
,
a
n
d
e
a
c
h
h
r
o
f
T
V
r
e
d
u
c
t
i
o
n
p
r
e
d
i
c
t
e
d
r
e
d
u
c
e
d
o
b
e
s
i
t
y
p
r
e
v
a
l
e
n
c
e
(
O
R
=
0
.
8
5
;
9
5
%
C
I
,
0
.
7
5
t
o
0
.
9
7
;
P
=
0
.
0
2
)
.
L
a
r
g
e
s
t
i
n
t
e
r
v
e
n
t
i
o
n
e
ﬀ
e
c
t
s
o
b
s
e
r
v
e
d
a
m
o
n
g
A
A
g
i
r
l
s
w
i
t
h
o
b
e
s
i
t
y
p
r
e
v
a
l
e
n
c
e
s
i
g
n
i
ﬁ
c
a
n
t
l
y
r
e
d
u
c
e
d
.
N
o
s
i
g
n
i
ﬁ
c
a
n
t
d
i
ﬀ
e
r
e
n
c
e
s
o
b
s
e
r
v
e
d
a
m
o
n
g
b
o
y
s
o
r
H
i
s
p
a
n
i
c
g
i
r
l
s
.
S
e
l
f
-
r
e
p
o
r
t
e
d
b
e
h
a
v
i
o
r
;
p
a
r
t
i
c
i
p
a
t
i
o
n
r
a
t
e
o
f
s
t
u
d
e
n
t
a
t
b
a
s
e
l
i
n
e
w
a
s
6
5
%
d
u
e
t
o
r
e
q
u
i
r
e
d
w
r
i
t
t
e
n
c
o
n
s
e
n
t10 Journal of Obesity
T
a
b
l
e
2
:
C
o
n
t
i
n
u
e
d
.
R
e
f
e
r
e
n
c
e
O
u
t
c
o
m
e
K
e
y
ﬁ
n
d
i
n
g
s
D
e
m
o
g
r
a
p
h
i
c
d
i
s
p
a
r
i
t
i
e
s
L
i
m
i
t
a
t
i
o
n
s
S
e
d
e
n
t
a
r
y
b
e
h
a
v
i
o
r
A
n
t
h
r
o
p
o
m
e
t
r
i
c
O
t
h
e
r
S
a
c
h
e
r
e
t
a
l
.
[
3
3
]
S
e
l
f
-
r
e
p
o
r
t
e
d
s
e
d
e
n
t
a
r
y
a
c
t
i
v
i
t
i
e
s
(
e
.
g
.
,
T
V
,
c
o
m
p
u
t
e
r
)
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were reinforced for both decreasing SB and increasing PA.
Weekly treatment meetings were also conducted for both the
parent and child. At 6-month followup, the Sedentary group
had greater decrease in percentage overweight than did the
Exercise or Combined groups (−18.7 versus −10.3 versus
−8.7; P = 0.026) and greater decrease in percentage of body
fat (−4.7 versus −1.3; P = 0.037).
Another study by Epstein et al. 2001 [20]r a n d o m l y
assigned 67 families with an obese child between ages of 8
to 12 years to 1 of 2 treatment groups: (1) increasing PA
(Increase)or(2)reducingSBandincreasingPA(Combined).
The treatment program consisted of 16 weekly meetings,
followed by 2 biweekly meetings and 2 monthly meetings
during a 6-month intensive program. At 6-month followup,
boys showed signiﬁcantly better percentage of overweight
changes in the Combined group than girls (−15.8% versus
−1.0%; P<0.001), with no signiﬁcant diﬀerences in the
Increase group for boys or girls (−9.3% versus −7.6%). Boys
also adhered to the treatment better than girls (P<0.01).
Jones et al. [28] recruited 12 middle schools in cen-
tral Texas to participate in a 1.5-year randomized clinical
trial focused on improving bone health mainly through
promoting the increase of PA. A total of 718 6th grade
girls participated in the intervention, which consisted of a
16-session health curriculum to promote increased weight-
bearing PA and consumption of calcium-rich foods. A
physical education component was also included, which
consisted of high-impact activities. Relative to the girls in the
control group, the intervention group signiﬁcantly reduced
dailyTV and video minutes (−12.11 minutes/day; P = 0.05).
Total daily minutes of sedentary activity were signiﬁcantly
lower for intervention students relative to controls (mean
diﬀerence between groups = −17 minutes; P = 0.04).
Robinson et al. [29] conducted a randomized controlled
trial with 61 8-to-10-year-old African-American (AA) girls
and their parents. The 12-week intervention consisted of
after-school dance classes and a 5-lesson family-based inter-
ventiondeliveredinparticipants’homestoreducemediause.
At followup, the girls in the intervention group had trends
towards lower BMI (adjusted diﬀerence = −0.32kg/m2;
95% CI −0.77 to 0.12) and waist circumference (adjusted
diﬀerence = −0.63cm; 95% CI −1.92 to 0.67) and reduced
TV, videotape, and video game use (adjusted diﬀerence =
−4.96 hours/week; 95% CI −11.41 to 1.49).
Salmon et al. [30] randomized, by class, 311 children
from 3 government schools in low socioeconomic areas
of Melbourne, Australia into one of four conditions: (1)
behavioral modiﬁcation (BM); (2) fundamental movement
skills (FMS); (3) combined BM and FMS (BM/FMS); (4)
control (usual curriculum). Each of the intervention condi-
tions consisted of 19 lessons promoting PA and decreasing
SB.TheBMlessonsweredeliveredintheclassroom,whilethe
FMS lessons were delivered in PA facilities, which focused on
teachingparticipantsphysicalskillswhileemphasizingenjoy-
ment and fun. The combined group received both the BM
and FMS lessons. There was a signiﬁcant intervention eﬀect
from baseline to postintervention on BMI in the BM/FMS
g r o u pc o m p a r e dt ot h ec o n t r o lg r o u p( −1.88kg/m2; P<
0.01), which was maintained at 6- and 12-month followup
(−1.53kg/m2; P<0.05). The BM group reported highest
levels of TV viewing compared to the other groups (239.9
minutes/week; P<0.05).
Simon et al. [31]c o n d u c t e da4 - y e a rr a n d o m i z e dc o n -
trolled trial with a cohort of 954 middle-school adolescents
in eastern France. The multilevel intervention focused on
inﬂuencing intrapersonal, social, and environmental deter-
minants of PA and SB through informational sessions, social
support by parents, peers, teachers, and PA instructors and
by providing environmental conditions for PA to encourage
students to apply the knowledge and skills they learned. The
study is currently on going; thus, data reported here were
collected 6 months into the intervention. After 6 months
of the intervention, high SB (<3h o u r s / d a y )w a sr e d u c e di n
both girls and boys (OR = 0.54 and 0.52; P<0.001) in the
intervention group compared to the control.
3.4. Sedentary Behavior, Physical Activity, and Diet Studies.
Two studies [32, 33] focused on modifying SB, PA, and diet.
Gortmaker et al. [32] randomized 5 out of 10 middle schools
in Massachusetts to receive an interdisciplinary intervention
over the course of 2 school years. The intervention, Planet
Health, was included in the existing school curriculum
of 4 subjects and physical education classes. The sessions
focused on decreasing TV viewing, decreasing consumption
of high-fat foods, increasing fruit and vegetable intake,
and increasing moderate to vigorous PA. Over the 2-year
intervention period, obesity prevalence among girls in the
intervention schools decreased compared to controls (OR =
0.47; P = 0.03), while no diﬀerences were observed in boys.
The number of hours of TV/video use was reduced in both
boys and girls in the intervention group compared to the
control group (adjusted diﬀerence between groups for boys
and girls = −0.40 and −0.58 hours/day; P< 0.001).
Sacher et al. [33] recruited 116 obese children in the
UK to be randomly assigned to receive the Mind, Exercise,
Nutrition, Do it (MEND) program, a multicomponent
community-based intervention. This intervention consisted
of 18 2-hour group educational and PA sessions held twice
weekly in sports centers and schools, in which both parents
and children attended. These sessions were followed by a 12-
week free family swimming pass. At 6 months, participants
in the intervention group had a reduced waist circumference
z-score (−0.37; P<0.0001) and BMI z-score (−0.24; P<
0.0001) compared to controls. Signiﬁcant diﬀerences in SB
were observed between the intervention and control groups
(15.9 versus 21.7 hours/week; P = 0.01). The signiﬁcant
decreasesinwaistcircumferenceandBMIintheintervention
group were sustained up to 9 months after participants
completed the educational and PA sessions.
4. Discussion
Overall, interventions that focused on decreasing SB, wheth-
er alone or in combination with other strategies, such as in-
creasing PA and improving diet, were associated with re-
ductionintimespentonSBand/orimprovementsinanthro-
pometric measurements related to childhood obesity.12 Journal of Obesity
4.1. Study Design. While the results of the majority of
the studies were positive, it is not possible to make any
conclusions as to the degree of impact each strategy had
on the outcomes due to the variability in study design
and outcome measurements. There were only 3 studies
[22, 23, 26] that focused solely on the reduction of SB,
and only 1 of those studies [22] collected anthropometric
measures. The other 9 studies combined other strategies,
such as exercise and healthy eating. Similar results in relation
to anthropometric measures and SB were observed in these
studies compared to the studies solely focused on reducing
SB.
Another aspect of the study designs that made it chal-
lengingtointerpretanyfurtherthanaqualitativesummaryis
the variation in how SB was deﬁned. Some studies examined
SB as only media use, while others collected additional
measurements, which included behaviors such as talking
with parents, playing quiet indoor games, and attending
clubs, in addition to media use [21–23]. More consistent
measures of diﬀerent types of SB across studies would assist
in determining their relative impact on childhood obesity.
The intensity and dose of the interventions received by
participants also varied between interventions. The duration
of study periods ranged from 12 weeks to 4 academic years.
In addition, some interventions consisted of a workshop and
newsletters, while other interventions consisted of multiple
lessons and face-to-face encounters with the participants
across similar time periods.
Another challenge when assessing impact, particularly
when considering potential for translation into practice,
was the limited measures of long-term sustainability of the
interventions impact. Only 5 out of the 12 identiﬁed studies
incorporated postintervention follow-up measures [20, 21,
26, 27, 30, 33], which ranged from 5 to 12 months. Overall, a
positive long-term impact was observed in either behavioral
or anthropometric outcomes in those 5 studies [20, 21,
26, 27, 30, 33]. However, this highlights the challenges in
interpreting impact of the interventions and their potential
for translation into real-world settings.
4.2. Common Components. One intervention component
that appeared to be repeated in several of the designs was
the involvement of family. Whether it was for a clinic-
based treatment for obese children or promoting positive
behaviorstopreventchildhoodobesity,parentswereengaged
to varying degrees. In some interventions, the parents were
mailed newsletters to reiterate health messages that were
presentedtochildreninschool[22,23],whileotherinterven-
tions included having the parent attend workshops/meetings
with their children and share in planning healthy events
[20, 21, 26, 29, 31, 33]. In one study [23], children who had
greater adult supervision were more likely to respond better
to the intervention than less supervised children. These
study designs and results highlight the importance of having
a supportive family environment to promote the positive
behaviors that are being targeted.
Another component that was repeated throughout many
of the intervention designs was that the children were
provided with tangible ideas and appealing alternatives to
sedentary activities, and some had the opportunity to choose
how to allocate their time [21, 26, 29–31]. When children
are provided choice among alternative activities, they may
perceive increased control over their activity options, so the
reduction in SB observed in the studies could be partly
explained by the provision of suggestions, ideas, and options
for students.
4.3. Demographic Disparities. Four of the studies [20, 23, 27,
32]r e p o r t e dd i ﬀerential eﬀects of the intervention between
genders while measuring SB outcomes or anthropometric
changes. The impact was inconsistent across the studies.
The gender diﬀerences were observed in both a family-based
weight control treatment [20] and school-based interven-
tions to prevent obesity [20, 23, 27, 32] targeting a range of
ages. Two of the studies [23, 27]o b s e r v e dag r e a t e re ﬀect on
boys’SB,whiletheEpsteinetal.[20]studyresultedingreater
changes in % overweight in boys compared to girls. On the
other hand, the Gortmaker et al. [32] study observed BMI
changes in girls, but not boys.
There is no clear explanation as to the diﬀerential
eﬀects by gender and also why the results were incon-
sistent across intervention, especially since the interven-
tions were originally designed to reach both males and
females. Some suggest that gender diﬀerences may vary
or become more obvious as children become adolescents,
with hormonal and environmental diﬀerences between
sexes emerging at that challenging stage of development
[34–36]; however, gender diﬀerences were observed with
children as young as 8 years. The diﬀerential results may
suggest that mediators for SB or anthropometric changes
may be diﬀerent between males and females; thus, future
interventions may need to be tailored speciﬁc to gen-
der.
Obesity rates are disproportionate across the ethnicities
and socioeconomic status (SES) groups. Reducing such
inequalities in childhood obesity is imperative. Some of the
studies did address such disparities by either speciﬁcally
designing interventions to reach certain at-risk populations,
such as AA girls or schools in low-SES areas [29, 30], or
by evaluating results across race/ethnicity or SES groups.
However, such study designs and data analysis were limited,
warranting further interventions to focus on speciﬁcally
addressing such inequalities.
4.4. Costs. Understanding the costs related to recruitment
and implementation of an intervention and its potential cost
eﬀectiveness are important aspects to consider when a health
practitioner must determine how best to utilize the often-
limited resources that are available in community or school
settings. In this systematic paper, we aimed to collect any
evidence related to cost of the interventions. While there
is a need to understand cost-related issues of interventions,
unfortunately, as reported in other publications [37], data
on cost of the interventions identiﬁed for this paper were
very limited. Measuring costs related to the diﬀerent stages
of the research process should be incorporated into study
designs, and such data should be included when reporting
intervention eﬀects.Journal of Obesity 13
4.5. Limitations. There were several limitations to the paper.
Similar to other papers, this systematic paper is limited by
the quantity and quality of the studies that were identiﬁed.
A qualitative analysis of the evidence was warranted due to
the variations in study design and characteristics, including
intervention and follow-up duration, strategies used, pop-
ulation, and measurement outcomes. Measurements of SB
were mainly self-report; however, to minimize this potential
bias, some studies did use measures with high validity and
reliability. In addition, the majority of the studies were
conducted in the US, which may limit the generalizability
to other countries, where cultural values and behavioral
patterns of SB may diﬀer.
5. Implications
5.1. For Future Research. This systematic paper highlights
the need for future research to further explore the reduction
of SB in relation to preventing and treating childhood
obesity. More comprehensive study designs, which include
postintervention follow-up measures, are warranted to bet-
ter understand the impact and potential sustainability of
diﬀerent strategies on outcomes measures related to SB
and anthropometry. Additionally, as SB data were mainly
self-report, more valid and reliable measures of SB should
be developed. Furthermore, addressing childhood obesity
inequalities related to race/ethnicity, SES and gender need
to be further explored and should be incorporated into
the design of future interventions. In addition, a review
on cost of the interventions was not possible due to the
paucity of available data, thus collecting data related to cost
would provide more comprehensive data for public health
practitionerstoallowthemtodeterminewhichinterventions
may be most eﬀective in their settings.
5.2. For Public Health. Many of these interventions, while
comprehensive, were designed to be incorporated into the
regularschoolclassroomwithteachersdeliveringthelessons.
Others were designed to be implemented in convenient
locations within communities, and sessions could be led by
those without extensive health training or education. One
study [27] speciﬁcally mentioned that the intervention was
designed to make it easily applicable to real-life settings.
These study designs point to the important consideration
of the often-challenging aspect of feasibility when imple-
menting interventions in real-world settings and highlight
interventions that may have a “true public health impact”
[38] as behavioral science research must be “contextual” and
“practical” [39].
A very limited number of the studies focused on
interventions that modiﬁed school policies and the physical
environmentinwaysthatsupportimproveddietarypractices
and regular PA. Often such interventions are not candidates
for reviews because of their limited outcome measures on
speciﬁc behaviors or weight-related outcomes. However,
such strategies are gaining support and have the potential to
make a signiﬁcant and sustainable impact [40].
Inconclusion,interventionsaimedatreducingSBappear
to be eﬀective in decreasing SB and improvements in
anthropometric measures of childhood obesity. In addition,
several of the studies did consider elements of feasibility
and applicability in real-world settings to increase potential
translation of research interventions into practice settings.
Childhood obesity is a complex epidemic with various
contributing factors at multiple levels. To make an impact
on reversing the trends, a combined eﬀort of strategies
that address multiple determinants, including SB, across
multiple settings, such as the school, community, clinic, and
household is needed.
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